Reliability and concurrent validity of the adapted Chinese version of SRS-22 questionnaire was studied. Analyses of results revealed that the Chinese version is a valid outcome instrument with high consistency and test-retest reliability.
Introduction
Scoliosis is a disease causing mainly cosmetic problems with a lesser practical, disease-specific, assessment for patients with idiopathic scoliosis. Although sound in general concept, the original questionnaire was found to have several 15 psychometric shortcomings, including questions requiring recall, limited response possibilities, overlapping domains, and incomplete validation 1 . These have been addressed, resulting in the SRS-22 questionnaire that has been shown to have high reliability and concurrent validity in adults 2, 3 and discrimination validity and responsiveness to change in adolescents with scoliosis 4, 5 . 20
Being developed in an English-speaking country, the questionnaire was formulated in English and designed for a Caucasian population. It is now recognized that if outcome measures are to be used across cultures, the items must not only be translated well linguistically, but also must be adapted culturally to maintain the content validity of the instrument at a conceptual level across different cultures [6] [7] [8] . 25
This is because life-style differences between cultures may result in significant variations in behavioral patterns, and therefore could introduce a systematic bias to the outcome instrument if it was just simply translated. Thus in a review by Beaton et al. on cross-cultural adaptation 8 , it was recommended that when a questionnaire is applied to a different culture, language and country, cross-cultural adaptation and 5 validation should always be performed.
Cross-cultural adaptation and validation of the SRS-22 questionnaire has been performed in both Turkey 6 and Spain
7
. However it has not been carried out in the Chinese. China has one of the largest populations in the world. The incidence of scoliosis is around 1%
9
. No Chinese version of a HRQL questionnaire exists for 10 spinal deformity patients. As Chinese people are culturally distinct from Caucasian, Turkish and Spanish people, it was felt important to adapt and translate the SRS-22 questionnaire into Chinese and to validate it before use. The purpose of this study was to assess the Chinese version of the SRS-22, and to determine its reliability and concurrent validity. 15
Materials and Methods
Adhering to the recommended protocol issued by the American Association of Orthopedic Surgeon (AAOS) Outcomes committee and outlined by Beaton et al 8 Two surveys, one for evaluating the reliability and the other for evaluating the validity were carried out at a single center. During the first survey (Group 1), a total 15 of 48 Chinese literate patients attending the outpatient clinic for scoliosis were selected at random. After being verbally informed of the purpose of the study, each of the patients completed the first set of the Chinese version of the SRS-22 questionnaire by themselves immediately. Each were given a second identical questionnaire with a stamped return envelop. They were instructed to complete the second questionnaire in 20 one week's time and return it by post. This test-retest design was used to measure the temporal stability of the questionnaire, while the 7 day interval between test and retest is aimed at reducing the patient's item recall.
A second survey (Group 2) was carried out two weeks later in the same outpatient clinic, a group of 51 patients were randomly selected and given the translated 25 SRS-22 questionnaire. Upon completion they were given the previously validated Chinese version of the Short-Form 36 (SF-36) health survey 10 .
Reliability assessment of the Chinese version of the SRS-22 questionnaire was determined by calculating Cronbach α and intraclass correlation coefficient (ICC)
values. Concurrent validity was evaluated by comparing SRS-22 domains with 5 relevant domains in the SF-36 questionnaire, correlation was made using Pearson Correlation Coefficients (r). The score distribution for the five SRS-22 and eight SF-36 domains in terms 10 of domain means, maximum ceiling score, minimum floor score and the ceiling and floor effect for both the translated Chinese version of SF-36 and SRS-22 can be found in Table 1 . All of the domains of SRS-22 showed a low level of floor effect (<7% as defined in Table 1 ). However two domains (Role physical and role emotional) of SF-36 showed a high level of floor effect more than 7%. While SRS-22 demonstrates 15 some ceiling effect in pain and function/activity, SF-36 also has a high ceiling effect on physical functioning, role-physical, pain index, social functioning and role emotional domains.
Results

For
An extension of examination of the two data sets from SF-36 and SRS-22 is presented in Table 2 , which shows the distribution of the SRS-22 and SF-36 domain 20 scores by quantiles. In order for the comparison with SF-36 to be valid, the SRS-22 domain scores were rearranged into a 0 to 100 scale. For instance, the SRS-22 satisfaction with management domain had scores ranging from 20 to 100, with 25% of the surveyed patients scoring between 90 and 100 and 50% scoring between 20 and 80. There were weak spread in score distribution in SRS-22 pain, function/activity 25 and SF-36 physical functioning, role-physical, pain index, social functioning and roleemotional domains.
Internal consistency assessment of SRS-22 using Cronbach's α was applied to each of the 22 questions in turn, and the results are tabulated in Table 3 . While very satisfactory internal consistency (Cronbach's α = 0.80-0.89) were achieved for 5 function/activity, pain and mental health domains; good consistency (Cronbach's α = 0.50-0.79) was observed for self-image/appearance and satisfaction with management domains. All domains of SF-36 questionnaire showed excellent (Cronbach's α ≥ 90) (one domain), very satisfactory (four domains) or good (three domains) 11, 12 internal consistency. 10
The test-retest reproducibility in terms of intraclass correlation was found excellent (ICC ≥ 0.75) 13 for all domains of SRS-22 questionnaire (see Table 4 ).
The concurrent validity in comparison with SF-36 appears in Table 5 . were demonstrated in the remaining general health perception domain (p<0.001).
Discussion
In this study, we have successfully adapted the SRS outcome instrument and it has been suggested that this might be a consequence of lack of pain in young adolescent idiopathic scoliosis patients 2, 6, 7 . 10
The slightly lower mean overall Cronbach alpha than the original study 14 (0.78 vs 0.86), reflects a trend which has been previously observed in other cross-cultural adaptations 6, 7 . The differences in the two mean Cronbach values can be due to subtle differences in living habits of people of different cultures, rather than due to problems in the translation itself. satisfaction with management domain, we observed that, the mean score of question 21 was lower (3.6) then question 22 (4.1). We felt that this reflected that there were patients who were not completely satisfied with the results of management, but felt that they have got the best treatment possible for their condition. This is a common belief for many patients, as there are few reputed centers of excellence in the authors' 25 country. They therefore believed that they got the best treatment possible, although they were not completely satisfied with the cosmetic results.
The test-retest reproducibility involves only looking at the data provided by the first group of patients in the first survey while both internal-consistency and score data distribution looks at all the data collected in both surveys. Evaluation of results 5 demonstrated excellent reproducibility with high ICC levels. This problem with questions 15 and 18 was especially for the younger subjects 6, 7, 16 . The authors concluded that the perception of question 18 was difficult for young patients. They also concluded that question 15 might not be applicable for socialized countries. Thus in the Turkish version, questions 15 was cancelled while 18 was modified and a higher internal consistency for function domain was obtained in the 5 second field survey 6 . This was followed by revision of the original English SRS-22
and the refined SRS-22 was obtained 16 . In the refined SRS-22 questionnaire, the authors changed only the stem and the responses of questionnaire 18 and did not cancel question 15. In their survey with the refined questionnaire, Cronbach's alpha value of the function domain was found more powerful not only for idiopathic 10 scoliosis patients but also in other spinal disorders 16 . On the other hand, Bridwell et al.
reported high internal consistency and excellent test/retest reliability for the adult spinal deformity population. They found SRS-22 instrument more effective and specific than the Oswestry and SF-12 for this particular group of patients 3 .
In the current study we have adapted the SRS-22 into the Chinese language 15 and culture, as this was the published version at the start of this study. Interestingly, in the current study Cronbach It should be noted that the current questionnaire was adapted using an urban population in a cosmopolitan city in one part of China. It is recognized that the 25 Chinese population is very diverse, and the applicability of this questionnaire to, for instance, rural populations is not known. However, the same limitation would apply to the original and other translated questionnaires.
In conclusion, it is well accepted that both cultural adaptation and linguistic translation are essential in any attempt to use a HRQL questionnaire across cultures, 5 such that the content validity of the instrument under adaptation can be maintained at a constant conceptual level. The tests being performed in this study showed that the 
